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157) ABSTRACT

An address information searching system includes a
high frequency address table, a low frequency address
table, and a searching unit. Each of the high and low
address tables stores address information including a
node address, a branch address, and time data represent-
Ing an elapsed time from a timing at which the addresses
are registered or referred to. In order to transmit data to
a trunk network or an intra-branch-network, the high
frequency address table is first referred to search for
object address information. When the object address
information is not registered in the high frequency ad-
dress table, the low frequency address table is referred
to search the address information. It is determined that
the object address information is registered in the high
or low frequency address tables as a result of searching
performed, time data of the object address information
1s reset the high and low frequency address tables are
accessed at a substantially predetermined period, and
the time data of each address information is incre-
mented.

20 Claims, 10 Drawing Sheets

{
(0
{4



Sheet 1 of 10 4,996,524

Feb. 26, 1991

U.S. Pateht

$S34AQV

SSJ4aay (LHV 4OlY4d)

3JAON JONVAS .
NOILVYNI1S3a zo_.rﬁz;mwo I 91 4
(LYY HOlIYd)

JAON :
41 9 | 4
(1HV HOI14Hd)
Vi 91| 4



U.S. Patent  Feb. 26, 1991 Sheet 2 of 10 4,996,524

FI1G 2

NODE ADDRESS |BRANCH ADDRESS TIME COUNT

FI1 G 4



¢ 91 4

e I e b i Emmmmae T T e —.

4,996,524

oe ~ FOVANILINI |
| sNg
! l s
8E~{Y3TI0HLNOD| | 3OVIYILNI
_ _ ONIY[" .

Ot . SNg

Sheet 3 of 10

Feb. 26, 1991

SS340av

SSJ4Aav 40SS3004d

-O80 1IN

AININOZES | 1 \oNINDTY

MOT

U.S. Patent



eS cSS 8IS

43S NO| LVINHONI
SS34AAV. 103rg0 4O

4,996,524

NOI| LVINHOSNI

SS34dav 104140 viva JWil 13534

40 vV1ivd JANI1l 13534

OIS
o5 A —ZGRia15193 >
. gs N
N — d3dd151034 NOTLVWYOJINT Ssagaav
193r80 804 HOuv3aS Ol

J18VL1 SS34aav
"431S193Y
| NOILVINJOIN|
*¥31S1934

vIS

- NOILVINYOANI SS34AAVY
1204Mrg0 404 HOYVIS OL
‘SS3HAAVY 3AON 32dNOS
LNO-AV3Y HLIM JONVYQdH0D

-JV NI J18V1 SSIHAAV
AONINOJH4 MO1 Ol dd43d

‘SS3YAAY 3AON FOHNOS LNO
-QV34 HLIM FONVQHOOOV Ni
378V1L SS3HAAY ADNINOIYA
HOIH Ol Y3434 ANV
JNVYS HONVHE WON A
Ss3¥Ady 3AON 3D08N0S avaY

Sheet 4 of 10

¢

AONJNO3Hd MO NI

AONJNOJHd HOIH NI

D
pd
O
A
n
)
.
-
=
<
m
O
W_
>

'SS3HAQY HONVHE- VLN
SS34AAV 3AON 304NOS
ONIGNTONI _NOILYIWHOSNI
vivad JANIL 13S34 ANV

$S34AQV HONVHE-VHINI
SS34aAV 3GON 30dNO0S
ONIGNION

SS34AAV "319vVL SS34aav

$S34AAV

é
J18V1L SS340
-aVv AON3NO3Hd HOIH
NI LNJ3Sddd V34V
AldN3G S

JOV4H31INI ONIYH
40 d344N8 OLNI
JAVYd HONVHE J114M

. 2S
VG O | A L

CTavis

Feb. 26, 1991

U.S. Patent



4,996,524

Sheet 5 of 10

1991

’

Feb. 26

Patent

U.S

dG 9O | 4 cvS

OvS

8BES oS

(SS34AAV HONYME 324N0S
- SV) 22 MHOML3N 40
SSJHAAV HONVYS

ANV (SS34AAVY HONvML
NOILVYNILS3A SV) SS3yNaav

LSVOavodg SNIANTIONI
NOILO3S ¥3AVIH 31VHINIO

(SS34AAV HONvYE 3ID4NOS
SV) ¢ YHOML3N 40 SS34aay

HONVYSE ANV (SS34Aav HONvME
NOILVNILS3A SV) 12 MHOMLIAN
d0 SS34AAV HONvHS

ONIANTIONI JAVYHAS MNNYL 40
NOILO3S 43AV3IH J1VvH3IN39

HeS A

NOI LVWHOANI SS34aav
1O3Mrd0 404 HOYV3S Ol
SS34AAV 3AON NOILVYNI1S3a
HLIM 3ONVAHOOOV NI
J18V1L SS34aAav
AONJNOIHd MOT OL 343

ceS

AHJOMIL3IN MNNYL OLNO
JWVHS MNNYL LIWSNVYH1

JWVd4d HONvHE ONVY
NOILD3S ¥3AV3IH WOY A

JAVHd MNNYL J1IVH3IN3TO
OES

( SSJ4AAV HONVHE 3I0HN0S SV)
¢ NHYOM L3N 40 SS3yaaqy
~ HONVYE8 ANV (SS3yaav
HONVYE8 NOILVYNILS3a SV)

e AHOM L3N 40 SS34AaVv HONvYS

ONIANTIONI JAVHd MNNYL 40

NOI1D23S y3dVv3H I LVH3IN3TO

NOILVINYOL4NI SS38aav 123r80
d04 HOYVIS OL SS34AAV 3AON

NOILVNILS3Id LNO-av3ay HLIM
JONVAHOOOV NI 3189V1 SS34aqav
AON3N03Hd HOIH OL ¥3434 ANV

"INVH4 HONvYE WOMH4 SS3NAav
Jd0ON NOILVNI1S3d avay




4,996,524

Sheet 6 of 10

1991

’

Feb. 26

U.S. Patent

ClS

HONVYE J04dN0S

vivd JWNIL 13S34 ANV
SS340AV 3dON 324N0S
ONIANTIONI NOILVYIWHOSN!

'SS38AQY

s

3 18V1 SS34aav

4

AONJNO34d MO NI

SS34AJV

89S

"H31S193Y

OLS

NVvd8 304N0S

SS3YAAV 300N 32HNOS

ONIQNTIONI NOILVWHOANI
J18V1L SS34aav

¢

Vvivad SWIL 13S34 ANV
SSJHAdV HO
AONJNO344d HOIH NI

¢

SS34AAV

AldWS Si

J18V1L SS340
~QV AON3INO3H4 HOIH
NI LN3IS3dd VIHV

‘4315193

995

NOILVINHOIN |
SS34Aav 103r4go0
40 V1ivd JWI1l 13S3y

pos A
v . 03431S1934
295

NOILVINHOSNI
194rg0 404 HOYV3S
Ol $S34adv 3dON
d404N0S HLIM 3ONVAHOD2V
418Vl SS34AAv
AIN3NO344d MO O1l ¥343Y

NI

SSJ4AAVY

1%

GS

095

NOI LVINHOANI

SSJ4ddv 1.03rg0 40

vivad NIl 13S3Y

8GS A
z
GS “

S

NOILVINHO4NI SS34AaQv 103r4go0
i d04d HOYVIS Ol SS3¥Aav

d0ON 304N0S 1LNO-Aav3y HLIM
d4ONVAdOOJV NI 3118VL SS3¥AQv
AIN3NO3H4 HOIH OL Y343y

dAVH4 MNNYL WOMS

SS34AAV 3JAON 304NOS av3y




i AHOML3IN HONVYHE O1LNO
JWVH4 HONvHE LINSNVHL

JWVHS MNNYL WOYA |.86S
JAVH4d HONvHE LOVY X

OOIS
965 14 065

4,996,524
M
©
O
-

NOI1LVNHOIN| 85

ou—53] [Tpou=53 NOI LVINJOSNI
mommzom | |mommZom| | ss3ayaay 153r60 40 S Iva Tt a9
2 Mp349u= 1 | MO39, vivad JWIL 13S3Y > T
» >AMA| | -Hmz>0m
S “hZZZad wZZZwm|  gss 2 =
~ iSWWVSH I_SI_I_WSH N { 43431S193Y 08S
% S 21 b
S 2ro0=d5| |2»0O5EZ|[ N é .
A "g2Z2w [gZZzmg . NOILYWHOAN]_SS3Haay
|> 85sm2| |5 36zM0 NOI LVINHO NI AV SAON NOTLVNI 1523
00Zz.'2| | B Z. ¥ SS3YAAY 3AON NOILVNILS
3 590 P>UG SSJUAAV 10dr80| [ 1 1n0-av3y HLIM 3ONVAH0ID
> Z2mCpq| [P =M . OOV
Z' o[ 11802 HOHV3S OL SS34aqQY NI 379v1l SS34aav ADNIND
O+COUX O.. . CODp N
TLE&5Om T2o0Um JAON NOILVNILS3A LNO -344 HOIH OL 83438 OGNV
St 1. OZz/2|{|-AV3Y HLIM JONVAHOIDV| | Fawwga MNNYL WONH SS3uaadv
08 (i RomT NI 318Vl SS34aav 3AON NOILVNILS3a av3ay
m 0z MmOz |[ANINDO3-4 MO 0L ¥343
IR DX 085 9.S -

¢ SS34AAQV
1Svoavody S$S34Aaav

HONVHY NOILYNIL
-S540 Si

" Feb. 26, 1991

(¢ J18VL
SS34AAV AON3NO3HA4 HOIH

NI ANJS3dd vVIYV
1dN3 Si

vLS

dWVH4 MNNYL WOHd SS34AaV
_ HONV&E NOILYNILS3d av3y

U.S. Patent



U.S. Patent  Feb. 26, 1991 Sheet 8 of 10 4,996,524

PTED ?

Y S102

READ ONE ADDRESS INFORMATION
AND UPDATE TIME DATA

OF ADDRESS INFORMATION

S104

1S UPDATED TIME
DATA MORE THAN FIRST
PREDETERMINED DATA

0
S106 L]
Y Lz5uw
Q- Za
DELETE THE ADDRESS INFORMATION O
FROM HIGH FREQUENCY HEC
ADDRESS TABLE, AND WRITE <y
THE ADDRESS INFORMATION IN =
LOW FREQUENCY ADDRESS TABLE —S T
Qz oo
2—
s{08 ==I

SHO

Y S112




U.S. Patent  Feb. 26, 1991 Sheet 9 of 10 4,996,524

O

- READ ONE ADDRESS INFORMATION
FROM LOW FREQUENCY ADDRESS

TABLE , AND UPDATE TIME DATA K_giig
OF ADDRESS INFORMATION

1S UPDATED
TIME DATA LESS THAN

SECOND PREDETER-
Mi NED? DATA

S116

IS EMPTY
AREA PRESENT IN
HIGH FREQUENCY

ADDRESS TABLE
?

SEARCH HIGH FREQUENCY ADDRESS
TABLE FOR ADDRESS INFORMATION

HAVING THE LARGEST TIME DATA,

WRITE ADDRESS INFORMATION
HAVING THE LARGEST TIME DATA

INTO LOW FREQUENCY ADDRESS
TABLE AND DELETE THE
INFORMATION FROM HIGH
FREQUENCY ADDRESS TABLE

S120

DELETE THE ADDRESS INFORMATION
HAVING UPDATED TIME DATA
FROM LOW FREQUENCY ADDRESS

TABLE, AND WRITE THE ADDRESS
INFORMATION IN HIGH

FREQUENCY ADDRESS TABLE

L
-
I
-
2
2,
L)
1
-
-
<
>
O
<
n
D .
C
L)
8
L

<
No
L —
-
Q<
2
w ©
T
—3
uw o
=g
x>
=<

Si24




U.S. Patent ' Feb. 26, 1991 ' Sheet 10 of 10 4,996,524

249 13 14-17

-"'"--.”
‘h

BRANCH

BRANCH
B0A= 23 FRAME 23
: FRAME 12
SATA BDA=23

BSA=24 /
. BDA=24

TDA=13  |BSA=23

BDA=24 TSA={2 ACK.
BSA=23

F1G 8



4,996,524

1

ADDRESS INFORMATION
REGISTERING/SEARCHING SYSTEM IN
NETWORK SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an address informa-
tion registering/searching system in a network system
in which a plurality of stations are connected to a trunk
network, each station includes a network adaptor, and
nodes are connected to some of the stations via branch
networks and, more particularly, to an address informa-
tion registering/searching system suitable for address
information searching required for data transfer be-
tween nodes, and between a node and a station.

2. Description of the Related Art

As shown 1in FIG. 1A, a branch frame used in data
transfer in a branch network includes a branch destina-
tion node address field BDA, a branch source node
address field BSA, and a branch data field BDATA. In
a network system in which branch networks are con-
nected to a trunk network via network adaptors of
stations, when data is to be transmitted from a source
node in a certain branch network to a destination node

in another branch network, a destination node address,
a source node address, and data to be transmitted are

written in the fields BDA, BSA, and BDATA, respec-
tively, of the branch frame, as shown in FIG. 1B. Such
a branch frame is transmitted from the source node to a
source branch network to which the source node is
connected. A source network adaptor normally moni-
tors the branch frame on the source branch network.
When the source network adaptor receives the branch
frame, it cancels the branch frame if a destination ad-
dress designated by a destination node address in the
branch frame belongs to intra-branch-network. If the
destination node does not belong to the intra-branch-
network of the source network adaptor, the source
network adaptor forms and transmits a trunk frame onto
a trunk network. As shown in FIG. 1C, a destination
branch address, a source branch address, and the branch
frame shown in FIG. 1B are written in a trunk destina-
tion branch address field TDA, a trunk source branch
address field TSA, and a trunk data field TDATA,
respectively, of the trunk frame.

The trunk frame on the trunk network is received by
a destination network adaptor at a station to which a
branch network designated by the destination branch
address written in the field TDA is connected. When

‘the destination network adaptor receives the trunk

frame on the trunk network, it transmits a portion of the
field TDATA onto its own branch network. The
branch frame on the destination network is received by
a node designated by the destination node address writ-
ten 1n the field BDA.

In this manner, the branch frame is transmitted from
the node connected to the branch network in a certain
station to the node connected to the branch network in
another station. In this transmission, the source network
adaptor must know a branch address of the branch
network to which the destination node designated by
the destination branch node address written in the field
BDA belongs. A conventional network adaptor has an
address table which registers address information by a
hash system. The address information includes a pair of
a node address for designating a node and a branch
address of a branch network to which the node belongs.
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In transmission using the trunk network, the source
network adaptor searches for the address table and
obtains the destination branch address of the branch
network to which the destination node belongs in ac-
cordance with the destination address. In this case, if a
large number of address information having the same
hash value are linked by a pointer or the like, it takes a
long time period to find out address information includ-
ing an object address pair.

SUMMARY OF THE INVENTION

The present invention has been made in consideration
of the above situation and has as its object to provide an

address information registering/searching system capa-
ble of searching for address information at high speed in
a network system.

In a network system to which the address information
registering/searching system is applied, a plurality of
stations are connected to a trunk network, at least one
branch network is connected to each station, and at
least one node 1s connected to each branch network. A
node address is assigned to each node, and a branch
address 1s assigned to each branch network. First and

second node addresses are assigned to the first and sec-
ond nodes, and first and second branch addresses are
assigned to the first and second branch networks. In

order to achieve the above object of the present inven-
tion, the address information registering/searching sys-
tem suitable for transmitting data between the first node
connected to the first branch network at the first station
and the second node connected to the second branch
network at the second station comprises:

first and second address table means each for storing
a plurality of pieces of address information, each ad-
dress information including a node address assigned to a
certain node, a branch address assigned to a branch
network to which the node is connected, and frequency
data representing a search frequency of the address
information;

reading means for receiving a branch frame transmit-
ted from the first node onto the first branch network,
the branch frame including a first node address assigned
to the first node as a source node address, a second node
address assigned to the second node as a destination
node address, and data, reading out the source node
address from the branch frame and generating a first
search command, and reading out the destination node
address from the branch frame and generating a second
search command;

searching means for referring to the first address table
means and selectively referring to the second address
table means to search for first object address informa-
tion in response to the first search command, the first
object address information including the first node ad-
dress and the first branch address, and referring to the
first address table means and selectively referring to the
second address table means to search for second object
address information in response to the second search
command, the second object address information in-
cluding the second node address and the second branch
address: and

trunk transmitting means for generating a trunk frame
including the first branch address written in the first
object address information as a source branch address,
the second branch address written in the second object
address information as a destination branch address, and
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the branch frame and transmitting the generated trunk
frame onto the trunk network.

In order to achieve the above object of the present
Invention, a method of transmitting data between the
first node connected to the first branch network at the
first station and the second node connected to the sec-
ond branch network at the second station in the above
network system, comprises:

receiving a branch frame transmitted from the first
node onto the first branch network, the branch frame
including a first node address as a source node address,
a second node address as a destination node address, and
data;

recetving a trunk frame on the trunk network, the
trunk frame including a first branch address written in
first object address information as a source branch ad-
dress, a second branch address written in second object
address information as a destination branch address, and
the branch frame, the first object address including the
first node address and the first branch address, and the
second object address information including the second
node address and the second branch address:

referring to a first address table and se]ectwely refer-
ring to a second address table to search for the first and
second object address information concerning the
source node address and the destination node address in
accordance with the source node address and the desti-
nation node address written in one of the branch and
trunk frames, each of the first and second address tables
storing a plurality of pieces of address information, each
address information including a node address assigned
to a certain node, a branch address assigned to a branch
network to which the node is connected, and frequency
data representing a search frequency of the address
information;

generating and transmitting a trunk frame onto the
trunk network in accordance with the first and second
object address information and the branch frame, the
trunk frame including the first branch address written in
the first object address information as the source branch
address, the second branch address written in the sec-
ond object .address information as the destination
branch address, and the branch frame; and

extracting the branch frame from the trunk frame and
transmitting the extracted branch frame onto the first
branch network.

As described above, according to the present inven-
tion, the reference frequency of address information
registered in the high frequency address table which is
initially searched is higher than that of address informa-
tion registered in the second memory means (in the
embodiment, an address table 35 which is searched
when no object address information is present in the
first memory means. Therefore, address information
can be searched at high speed with high probability.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1A i1s a view showing a format of a branch
frame used in transmission in a conventional branch
network: |

FIG. 1B is a view showing the branch frame;

FIG. 1C 1s a view showing a format of a trunk frame
used in transmission in a trunk network:

F1G. 2 1s a view showing a network system to which
an address mformation registering/ searching system
according to the present invention is applied;

F1G. 3 1s a block diagram showing a network adaptor
In a station adopting the address information regis-
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4

tering/searching system according to the preferred
implementation of the present invention;

FIG. 4 1s a view showing a format of address informa-
tion;

FIGS. 5A and 5B are flow charts for explaining a
transmission operation;

FIGS. 6A and 6B are flow charts for explaining a

reception operation;
FIGS. 7A and 7B are flow charts for explaining an

address information updating operation; and
FIG. 8 1s a view showing a sequence for explaining

data transmission.

DETAILED DESCRIPTION OF THE
PREFERRED IMPLEMENTATION

An mmpiementation of an address information regis-

tering/searching system according to the present inven-

tion will be described in detail below with reference to
the accompanying drawings.

An arrangement of the implementation of the present
invention will be described below with reference to
FIGS. 2 and 3. FIG. 2 shows a network system to
which the address information registering/searching
system according to the present invention is applied.
Referring to FIG. 2, stations (STs) 12 to 17 are mutually
connected by a ring network 11 as a trunk network. Bus
networks 21 and 22 as branch networks are connected
to the ring network 11 via network adaptors 25 and 26
called ring bus controllers (RBCs) provided at the sta-
tions 12 and 13, respectively. Nodes 23 and 24 are con-
nected to the bus networks 21 and 22, respectively.
Note that branch networks connected to the stations 14
to 17 are omitted in FIG. 2. In addition, the number of
network adaptors is not limited to one for each Station.

FIG. 3 shows an arrangement of the network adaptor
26 at the station 13. Referring to FIG. 3, a microproces-
sor 31 has an internal timer 31-1 and controls the overall
network adaptor 26. The timer 31-1 generates interrup-
tion for updating address information at a predeter-
mined time period. A ROM 32 stores microprograms
for defining an operation of the microprocessor 31. A
data buffer 33 stores data utilized by the microprocessor
31. The data buffer 33 has a low frequency address table
35. The microprocessor 31, the ROM 32, the data buffer
33, and a high frequency address table 34 are connected
to internal buses 39 and 40. Address information is regis-
tered in the high frequency address table 34 by, e.g., a
hash system. Similarly, address information is registered
in the low frequency address table 35 having a larger
capacity than that of the high frequency address table
34 by the hash system. Address information concerning
a node having a high use frequency is registered in the
high frequency address table 34, and address informa-
tion concerning a node having a low use frequency is
registered in the low frequency address table 35. As
shown in FIG. 4, the address information includes a
node address, a branch address, and time data represent-
Ing an elapsed time from a timing at which the addresses
are newly registered or previously referred. Note that
the address information can be sorted in an order from
the one having a smallest time data and then registered
in the high frequency address table 34 without using the
hash system. When this system is to be adopted, sorting
1s preferably performed in, e.g., an empty time of the
microprocessor 31.

A bus network interface (to be referred to as simply a
bus interface hereinafter) 36 connected to the internal
bus 41 interfaces with the branch network (bus net-
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work} 22. A rning network interface (to be referred to as
simply a ring interface hereinafter) 37 connected to the
tnternal buses 39 and 41 interfaces with the trunk net-
work (ring network) 11. The ring interface 37 INCOTPO-
rates a reception buffer for temporarily storing a trunk
frame from the trunk network 11, a transmission buffer
for temporanly storing a branch frame supplied via the
bus interface 36, and an activating circuit (none of
which are shown) for activating transmission to the
trunk and branch networks 11 and 22. A bus controller
38 1s connected to the bus interface 36, the ring interface
A7 and the internal bus 40. The controller 38 controls
the internal buses 39 and 41 and exchanges a control
signal between the microprocessor 31 and the bus or
ring interface 36 or 37.

A data transmission operation performed in the net-
work system to which the address information regis-
tering/searching system of the present invention is ap-
phied will be described below with reference to FIG. 8.
Assume that data is to be transmitted from the node 24
to the node 23. In order to transmit data from the node
24 to the node 23, a branch frame in which 23 and 24 are
written in the fields BDA and BSA. respectively, is
transmitted from the node 24 to the station 13. The
adaptor 26 at the station 13 searches for the tables 34
and 35 to check whether transmission to the node 23 is
performed for the first time. If the transmission is a first
one, a broadcast address is written in the field TDA. If
the transmission is not a first one, an address assigned to
the branch network 21 is written in the field TDA.
Thereafter, a trunk frame is formed and transmitted
onto the trunk network. The trunk frame including the
broadcast address is received by the stations 12 and 14
to 17. At this time, a source branch address and a source
node address are stored in the high or low frequency
address table at each station. In addition, time data of
address tnformation including a destination node ad-
dress and a destination branch address is reset. Thereaf-
ter, the branch frame in the trunk frame is transferred
onto the branch network 21. When the node 23 is to
return an acknowledge to the node 24, the above opera-
tion is reversely executed. Note that in this case. since
an address of the node 24 and a branch address repre-
senting the branch network 22 are already registered in
the table 34 or 35, no broadcast address is used.

Of the above data transmission operation, an opera-
tion of converting the branch frame from the source
node nto the trunk frame and transmitting the con-
verted frame onto the trunk network 11 will be de-
scribed in detail below with reference to the FIGS. SA
and 5B.

Assume that the branch frame of the format shown in
FIG. 1B is transmitted from the node 24 onto the
branch network 22 in order to transmit data. In step S2,
the branch frame on the branch network 22 is received
by the bus interface 36. When the bus interface 36 starts
recetving the branch frame, it outputs a request signal
for requesting the use of the ring interface 37 to the bus
controller 38. In response to this request signal, the bus
controller 38 supplies permission in accordance with an
Operation state of the ring interface 37. In steps S4 and
S56. in response to the permission, the bus interface 36
writes the branch frame in the transmission buffer (not
shown) in the ring interface 37 via the internal bus 41
under the control of the bus controller 38. When the
wrnting operation is completed, the bus controller 38
Outputs a completion signal to the microprocessor 31.
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When the microprocessor 31 receives the completion
signal from the bus controller 38, in step S8, it reads out
the source node address written in the field BSA of the
branch frame stored in the transmission buffer of the
ring interface 37. In accordance with the read-out
source node address, the microprocessor 31 refers to the
table 34 and checks whether address information in-
cluding the source node address 1S registered in the high
frequency address table 34. If the microprocessor 31
determines in step S10 that the object address informa-
tion including the source node address is registered in
the table 34, it resets time data in the object address
information in step S12. Thereafter, step S26 is exe-
cuted.

If the microprocessor 31 determines in step S10 that
the object address information is not registered in the
table 34, 1n step S14, it refers to the low frequency
address table 35 in accordance with a source node ad-
dress read out. If the microprocessor 31 determines in
step 516 that the object address information is regis-
tered 1n the table 35, it resets the time data in the ob ject
address information in step S18. Thereafter, step S26 is
executed. If the microprocessor 31 determines in step
S16 that the object address information is not registered
in the table 35, it checks in step S20 whether an empty
area 1s present in the high frequency address table 34. If
the microprocessor 31 determines in step S20 that the
empty area s present in the table 34, in step S22, address
information including a source node address, a branch
address representing the branch network 22, and time
data of **0™ 1s newly registered in the table 34. Thereaf-
ter, step S26 is executed. If the microprocessor 31 deter-
munes in step S20 that no empty area is present in the
table 34, the address information including time data of
"0 1s newly registered in the table 35. Thereafter. step
S26 1s executed. |

When the above operation is completed. in step S26,
the microprocessor 31 réads out the destination node
address written in the field BDA of the branch frame
stored 1n the transmission buffer of the ring interface 37.
In accordance with the read-out destination node ad-
dress, in step S28, the microprocessor 31 refers 10 the
high frequency address table 34 and checks whether the
destination node object address information is regis-
tered in the table 34. If the microprocessor 31 deter-
mines in step S28 that the object address information is
registered in the table 34, step S30 is executed. In step
530, the microprocessor 31 generates a header section

including the branch address, assigned to the branch

network 21 to which the destination node 23 belon gs, as
a destination branch address and the branch address.
assigned to the branch network 22, as a source branch
address. In addition, the time data of the object address
information is reset to 0. Thereafter. step 5S40 1s exe-

cuted.
If the microprocessor 31 determines in step S28 that

the object address information tncluding the destination

node address 1S not registered in the high frequency

address table 34, step S32 is executed. In step S32. 1n
accordance with the read-out destination node address.
the microprocessor 31 refers to the low frequency ad-
dress table 35. If the microprocessor 31 determines in
step 534 that the address information is registered -
table 35, step S36 is executed. In step S36, sim

530, the microprocessor 31 generates

tncluding the branch address

network 21 to which the 4 -u

a destination branch addr.
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assigned to the branch network 22, as a source branch '

. address. In addition, the time data 1n the object address
information is reset. Thereafter, step S40 is executed.
If the microprocessor 31 determines in step S34 that
the destination object address information is not regis-
tered in the low frequency address table 35, step S38 is
executed. In step S38, in order to perform broadcast
transmission, the microprocessor 31 generates a header
~section including a broadcast address as a destination
branch address and the branch address, assigned to the

branch network 22, as a source branch address. In this
case, the object address information is not written in

either of the tables 34 or 35. Thereafter, step S40 1s

executed.

~After the microprocessor 31 generates the header
section, in step S40, it generates a trunk frame including
the header section as the fields TDA and TSA and the
branch frame, stored in the reception buffer of the ring
interface 37, as the field TDATA. Thereafter, the mi-
croprocessor 31 outputs a request to the ring interface
37 requesting transmission to the trunk network il. As
a result, in step S42, the trunk frame 1s transmitted from
- the ring interface 37 onto the trunk network 11.

An operation in which the network adaptor 25 at the
station 12 receives the trunk frame from the trunk net-
work 11 and transmits the branch frame to the branch
network 21 will be described in detail below with refer-
ence to FIGS. 6A and 6B. When the destination branch

address i1s the broadcast address, the trunk frame is
 received by the ring interfaces at all the stations except
for the ring interface 37 at the source station 13. It is a
matter of course that the ring interface 37 at the station
13 does not receive the broadcast frame transmitted by
itself or cancels the frame even if it receives the frame.
In step S52, the ring interface 37 provided at the
network adaptor 26 of the station 13 monitors the trunk
frame. Under the control of the bus controller 38, the
ring interface 37 receives the trunk frame from the
trunk network 11 and stores the received trunk frame 1n
its internal reception buffer. When a storage operation
of the received data is completed, the bus controller 38
outputs a completion signal to the microprocessor 31.
When the microprocessor 31 receives the completion
signal from the bus controller 38, in step S54, it reads
out source node address included in the field TDATA
of the trunk frame stored in the reception data buffer of
the ring interface 37. Thereafter, in step S36, the micro-
processor 31 refers to the high frequency address table
34 and searches for object address information 1n accor-
dance with the read-out source node address, in the
same manner as when the adaptor 26 at the station 13
receives the branch frame from the branch network 22.
If the microprocessor 31 determines in step S58 that
the object address information is stored in the table 34,
- step S60 1s executed. In step S60, the microprocessor 31
resets time data in the object address information.
Thereafter, step S74 1s executed. If the microprocessor
31 determines in step S58 that the object address infor-
mation 1s not stored in the table 34, step S62 is executed.
In step S62, in accordance with the read-out source
node address, the microprocessor 31 refers to the low
frequency address table 35 and searches for the object
address information. If the microprocessor 31 deter-
mines in step S64 that the object address information 1s
stored in the table 35, step S66 is executed. In step S66,
the microprocessor 31 resets the time data of the object
address information stored in the table 35. Thereafter,
step S74 is executed. If the microprocessor 31 deter-
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mines in step S64 that the object address information 1s
not stored in the table 35, step $68 1s executed.

In step S68, the microprocessor 31 checks whether an
empty area i1s present in the high frequency address
table 34. If Y (YES) in step S68, i.e., if an empty area 1s
present, the microprocessor 31 registers new address
information including the read-out source node address,
the source branch address written in the field TSA of
the trunk frame, and the reset time data in the high
frequency address table 34. Thereafter, step S74 is exe-
cuted. If the microprocessor 31 determines in step S68
that no empty area is present, the new address informa-
tion is registered in the low frequency.address table 353.
Thereafter, step S74 1s executed.

When the above operation is completed, in step S74,
the microprocessor 31 reads out the content written in
the field TDA of the trunk frame and checks whether
the content is a broadcast address. If the microprocessor
31 determines in step S76 that the content 1s the broad-
cast address, step S98 1s executed. In step S98, the mi-
croprocessor 31 extracts the content in the field
TDATA from the trunk frame and generates a branch
frame.

If the microprocessor 31 determines in step S76 that
the content written in the field TDA is not the broad-
cast address, step S80 1s executed. In step $S80, the desti-
nation node address included in the field TDATA of
the trunk frame is read out, and processing similar to
that from steps S56 to S72 1s executed. That is, 1n accor-
dance with the read-out destination node address, the
microprocessor- 31 refers to the high frequency address
table 34 and searches for the object address information.
If the microprocessor 31 determines in step S82 that the
object address information is stored in the table 34, step
S84 1s executed. In step S84, the microprocessor 31
resets the time data in the object address information.
Thereafter, step S98 is executed.

If the microprocessor 31 determines in step S82 that
the object address information is not stored in the table
34, step S86 1s executed. In step S86, 1n accordance with
the read-out destination node address, the microproces-
sor 31 refers to the low frequency address table 35 and
searches for the object address information. If the mi-
croprocessor 31 determines 1n step S88 that the object
address information is stored in the table 33, step S90 1s
executed. In step S§90, the microprocessor 31 resets the
time data in the object address information. Thereafter,
step S98 is executed.

If the microprocessor 31 determines in step S88 that
the object address information is not stored in the table
35, step S92 is executed. In step S92, the microprocessor
31 checks whether an empty area is present in the high

frequency address table 34. If the microprocessor deter-

mines in step S92 that an empty area is present in the
table 34, in step S94, the microprocessor 31 registers
new address information including the read-out destina-

- tion node address, the destination branch address writ-

65

ten in the field TDA of the trunk frame, and the reset
time data in the table 34. If the microprocessor 31 deter-
mines in step S92 that no empty area is present, the new
address information is registered in the low frequency
address table 35. After step $94 or S96 1s executed, step
S98 1s executed.

When the branch frame 1s generated i1n step S98,
information indicating this is transferred from the bus
controller 38 to the bus interface 36. In response to this
information, the bus interface 36 extracts the branch
frame from the trunk frame stored in the reception data
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buffer in the ring interface 37 and supplies the extracted
branch frame to the branch network 21. The node 23
receives the branch frame on the branch network 21
and extracts the data therefrom. In this manner, the data
1S transmitted from the node 24 to the node 23.

Processing for updating the address information
stored in the tables 34 and 35 will be described below
with reference to FIGS. 7A and 7B. The microproces-
sor 31 has the internal timer 31-1 and updates time data
in each address information registered in the high and
low frequency address tables 34 and 35 at a substantially
predetermined period. That is, in step 102, interruption
from the timer 31-1 is waited. The timer 31-1 genera-
tions interruption at a predetermined period.

In response to the interruption from the timer 3i-1,
the microprocessor 31 stops the timer 31-1. In step S104,
the microprocessor 31 reads out start address informa-
tion from the high frequency address table 34 and up-
dates time data of the address information in an empty
time during which no operation for data exchange is
performed. Time data in address information having a
node address not frequently referred in the above data
exchange, i.e., a node address of a node not frequently
used as a source or destination generally has a large
value. In step S106, the microprocessor 31 checks
whether the updated time data is more than first prede-
termined data. If the microprocessor 31 determines in
step S106 that the updated time data is more than the
first predetermined data, in step S108, it deletes the
address information including the updated time data
from the high frequency address table 34 and stores the
address information in the low frequency address table
35. If the microprocessor 31 determines in step S106
that the updated time data is not more than the first
predetermined data, in step S110, it stores the address
information having the updated time data in the high
frequency address table 34. Thereafter, the micro-
processor 31 checks in step S112 whether the updating
processing 1s completed for all the address information
stored 1n the table 34. If N (NO) in step S112, step S104
1s executed for the next address information. If Y in step
S112, step S114 is executed.

In step S114, start address information is read out
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from the low frequency address table 35, and time data

In the read-out address information is updated. Time
data in address information having a node address of a
node frequently used generally has a small value. In step
S116, the microprocessor 31 checks whether the up-
dated time data is less than second predetermined data.
If the microprocessor 31 determines in step S116 that
the updated time data is less than the second predeter-
mined data, it checks in step S118 whether an empty
area 1s present in the high frequency address table 34. If
an empty area is present, step S122 is directly executed.
If no empty area is present, in step S120, the micro-
processor 31 refers to the high frequency address table
34 and searches for address information having the
largest time data. The address information having the
largest time data is transferred to the low frequency
address table 35. Thereafter, in step S122, the address
information having the updated time data is stored in
the high frequency address table 34.

If the microprocessor 31 determines that the updated
time data is more than the second predetermined data,
In step S124, the address information having the up-
dated time data is stored in the low frequency address
table 35. Thereafter, the microprocessor 31 checks in
step S126 whether the updating processing is completed
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for all the address information stored in the table 35. If
N in step S126, step S114 is executed again for the next
address information. If Y in step S126, the updating
processing is completed, and the timer 31-1 is restarted.
As a result, address information having a small timer
value, 1.e., having a high reference frequency is regis-
tered in the high frequency address table 34, and ad-
dress information having a large timer value, i.e., having
a low reference frequency is registered in the low fre-
quency address table 35. Therefore, as described above,
since the high frequency address table 34 is first referred
to in order to search for address information upon data
exchange, object address information can be searched
for at high speed with high probability.

As has been described above, according to the ad-
dress information registering/searching system of the
present invention, time data in address information hav-
ing a high reference frequency has a small value, and
time data in address information having a low reference
frequency has a large value. In the present invention,
address information having small time data is stored in
the high frequency address table, and address informa-
tion having large time data is stored in the low fre-
quency address table. Therefore, when searching of
address information is required, in order to search for
object address information, the high frequency address
table is first referred. When the object address informa-
tion 1s not stored in the high frequency address table,
the low frequency address table is referred. In this man-
ner, the object address information can be obtained at
high speed with high probability. When the object ad-
dress information cannot be searched from the high
frequency address table, address information searching
1s performed for the low frequency address table. In this
case, a required searching time is equivalent to-that in a
conventional apparatus.

Note that in the above implementation, a source node
address and then a destination branch address are
checked upon reception. However, whether address
information concerning a destination node address is
stored 1n the high or low frequency address table may
be checked subsequently to checking of the source node
address. In this case, if it is determined that the address
information is not stored in either tables, the destination
branch address is checked. _

Furthermore, in the above implementation, commu-
nication between nodes belonging to different stations
has been described. It is apparent, however, that the
present invention can be similarly applied to two branch
networks in a single station.

The foregoing description of the preferred implemen-
tation of the present invention has been presented for
purposes of illustration and description. It is not in-
tended to be exhaustive or to limit the invention to the
precise form disclosed, and modifications and variations
are possible in light of the above teachings or may be
acquired from practice of the invention. The preferred
implementation was chosen and described in order to
explain the principles of the invention and its practical
application to enable one skilled in the art to utilize the
invention in various implementations and with various
modifications as are suited to the particular use contem-
plated. It 1s intended that the scope of the invention be
defined by the claims appended hereto and their equiva-
lents.

What is claimed is:

1. An address informattion registering/searching sys-
tem 1n a network system in which a plurality of stations
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are connected to a trunk network, at least one branch
network 1s connected to each station, and at least one
node is connected to each branch network, a node ad-
dress being assigned to each node, and a branch address
being assigned to each branch network, suitable for
transmitting data between a first node connected to a
first branch network of a first station and a second node
connected to a second branch network of a second
station, first and second node address being assigned to
said first and second nodes, and first and second branch
addresses being assigned to said first and second branch
networks, comprising:
first and second address table means each for storing
a plurality of pieces of address information, each
piece of address information including a node ad-
dress assigned to a certain mode, a branch address
assigned to a branch network to which said node is
connected, and frequency data representing a
search frequency of the address information, said
first address table means storing address informa-
tion having a high reference frequency relative to a
first predetermined reference frequency and said
second address table means storing address infor-
mation having a low reference frequency relative
to a second predetermined reference frequency;
reading means for receiving a branch frame transmit-
ted from said first node onto said first branch net-
work, the branch frame including a first node ad-
dress assigned to said first node as a source node
address, a second node address assigned to said
second node as a destination node address, and
data, reading out the source node address from the
branch frame and generating a first search com-
mand, and reading out the destination node address
from the branch frame and generating a second
search command:
searching means for referring to said first address
table means and selectively referring to said second
address tabie means to search for first object ad-
dress information in response to the first search
command, the first object address information in-
cluding the first node address and the first branch
address, and referring to said first address table
means and selectively referring to said second ad-
dress table means to search for second object ad-
dress information in response to the second search
command, the second object address information
including the second node address and the second
branch address; and
trunk transmitting means for generating a trunk frame
including the first branch address written in the
first object address information as a source branch
address, the second branch address written in the
second object address information as a destination
branch address, and the branch frame and transmit-
ting the generated trunk frame onto said trunk
network. |
2. A system according to claim 1, further comprising
registering means for formatting address information
including the first node address, the first branch ad-
dress, and first time data if it is determined that the first
object address information is not registered in either
satd first or second address table means, formatting
address information including the second node address,
the second branch address, and second time data if 1t is
determined that the second object address information
is not registered in either said first or second address
table means, and selectively registering the formatted
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address information in one of said first and second ad-
dress table means.

3. A system according to claim 2, wherein said regis-
tering means includes means for checking whether an
empty area is present in said first address table means,
registering the formatted address information in said
first address table means if it is determined that an
empty area is present, and registering the formatted
address information in said second address table if 1t 1s
determined that no empty address is present.

4. A system according to claim 2, wherein the fre-
quency data is time data representing a time period from
a timing at which the address information is registered,
the time data in the formatted address information being

0.

5. A system according to claim 1, wherein said trunk
transmitting means further comprises means for writing
a broadcast address as the destination branch address in
the trunk frame i1f it 1s determined that the second object
address information 1s not registered in said first and
second address table means. ,

6. A system according to claim 1, wherein said
searching means includes means for, in order to search
for the first and second object address information,
referring first to said first address table means, and when
the object address information is not registered in said
first address table means, referring to said second ad-
dress table means.

7. A system according to claim 1, wheremn

the frequency data is time data representing a time

period from a timing at which the address informa-
tion is registered or previously searched, and

sald searching means further comprises reset means

for resetting the time data in the first and second
object address information.

8. A system according to claim 1, further comprising
updating means for updating the frequency data in each
address information stored in said first and second ad-
dress table means, the frequency data being time data
representing a time period from a timing at which the
address nformation 18 registered or previously
searched.

9. A system according to claim 8, wherein said updat-
ing means further comprises means for, when the up-
dated time data in address information stored in said
first address table means is more than first predeter-
mined data, transferring the address information to said
second address table means.

10. A system according to claim 8, wherein said up-
dating means further comprises means for, when the
updated time data in address information stored in said
second address table means is not more than second
predetermined data, checking whether an empty area. is
present in said first address table means, if it is deter-
mined that an empty area i1s present, transferring the
address information to said first address table means,
and if 1t 1s determined that no empty area is present,
registering the address information in said second ad-
dress table means.

11. A system according to claim 1, further comprising
means for receiving the trunk frame transmitted onto
said trunk network, extracting the branch frame from
the trunk frame, and transmitting the branch frame onto
said second branch network.

12. A system according to claim 11, wherein said
reading means further comprises means for reading out
the source node address from the trunk frame and gen-
erating the first search command, and reading out the
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destination node address from the trunk frame and gen-
erating the second search command, the frequency data
being time data representing a time period from a timing
at which the address information is registered or previ-
ously searched, and said searching means further com-
prises reset means for resetting the time data in the first
and second object address information when the first
and second object address information are searched.
13. A system according to claim 12, further compris-
ing means for formatting address information including
the first node address, the first branch address, and first
time data if it is determined that the first object address
information is not registered in said first and second
address table means, formatting address information
including the second node address, the second branch
address, and second time data if it is determined that the
second object address information is not registered in
said first and second address table means, checking
whether an empty area is present in said first address
table means, registering the formatted address informa-
tion in said first address table means if it is determined
that an empty area is present in said first address table
means, and registering the address information data in
said second address table if it is determined that no
empty area 1s present in said first address table means.
14. A method in a network system in which a plural-
ity of stations are connected to a trunk network, at least
one branch network i1s connected to each station, and at
least one node is connected to each branch-network, a
node address being assigned to each node, and a branch
address being assigned to each branch network, for
transmitting data between a first node connected to a
first branch network of a first station and a second node
connected to a second branch network of a second
station, first and second node addresses being assigned
to satd first and second nodes, and first and second
branch addresses being assigned to said first and second
branch networks, comprising:
receiving a branch frame transmitted from said first
node onto said first branch network, the branch
frame including the first node address as a source
node address, the second node address as a destina-
tion node address; and data;
receiving a trunk frame on said trunk network, the
trunk frame including the first branch address writ-
ten in first object address information as a source
branch address, the second branch address written
in second object address information as a destina-
tion branch address, and the branch frame, the first
object address including the first node address and
the first branch address, and the second object
address information including the second node
address and the second branch address;
referring to, in accordance with the source node
address and the destination node address written in
one of the branch and trunk frames, a first address
table and selectively referring to a second address
table to search for the first and second object ad-
dress information concerning the source node ad-
dress and the destination node address, each of said
first and second address tables storing a plurality of
pieces of address information, each address infor-
mation including a node address assigned to a cer-
tain node, a branch address assigned to a branch
network to which said node is connected, and fre-
quency data representing a search frequency of the
address information, said first address table storing
address information having a high reference fre-

10

15

20

25

30

35

45

50

55

60

65

14

quency relative to a first predetermined reference
frequency and said second address table storing
address information having a low reference fre-
quency relative to a second predetermined refer-
ence frequency;

generating and transmitting a trunk frame onto said

trunk network in accordance with the first and
second object address information and the branch
frame, the trunk frame including the first branch
address written in the first object address informa-
tion as the source branch address, the second
branch address written in the second object address
information as the destination branch address, and
the branch frame: and

extracting the branch frames from the trunk frame;

and transmitting the extracted branch frame onto
sald second branch network.
15. A method according to claim 14, further compris-
Ing:
formatting address information including the first
node address, the first branch address, the first
frequency data if it is determined that the first ob-’
ject address information is not registered in said
first and second address tables, the frequency data
being time data, and the first frequency data being
0.

formatting address information data including the
second node address, the second branch address,
and second frequency data if it is determined that
the second object address information is not regis-
tered in said first and second address tables, the
frequency data being time data, and the second
frequency data being 0;

checking whether an empty area is present in said
first address table, and registering the formatted
address information in said first address table if it is
determined that an empty area is present; and

registering the formatted address information in said
second address table if it is determined that no
empty area is present in said first address table.

16. A method according to claim 14, further compris-
Ing resetting, when the first and second object address
information are searched, frequency data of the first and
second object address information, the frequency data
being time data representing an elapsed time from a
timing at which the object address information is regis-
tered or previously referred.

17. A method according to claim 14, further compris-
Ing reading out each address information stored in said
first and second address tables at a substantially prede-
termined period, updating the time data of the address
information, and selectively storing the address infor-
mation in one of said first and second address tables in
accordance with the updated time data.

18. An address information registering/searching
system 1n a network system in which a plurality of sta-
tions are connected to a trunk network, at least one
branch network 1s connected to each branch network, a
node address being assigned to each node, and a branch
address being assigned to each branch network, suitable
for transmitting data between a first node connected to
a first branch network at a first station and a second
node connected to a second branch network at a second
station, first and second node addresses being assigned
to said first and second nodes, and first and second
branch addresses being assigned to said first and second
branch networks, comprising:
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first receiving means for receiving a branch frame
transmitted from said first node onto said first
branch network, the branch frame including the
first node address as a source node address, the
second node address as a destination node address,
and data; |

first and second address table means each for storing
a plurality of pieces of address information, each
address information including a node address as-
signed to a certain node, a branch address assigned
to a branch network to which said node is con-
nected, and frequency data representing a search
frequency of the address information, said first
address table means storing address information
having a high reference frequency relative to a first
predetermined reference frequency and said sec-
ond address table means storing address informa-
tion having a low reference frequency relative to a
second predetermined reference frequencys;
second receiving means for receiving a trunk frame
on said trunk network, the trunk frame including
the first branch address written in first object ad-
dress information as a source branch address, the
second branch address written in second object
address information as a destination branch ad-
dress, and the branch frame, the first object address
information including the first node address and
the first branch address, and the second object
address information including the second node
address and the second branch address;

searching means for, in accordance with the source
node address and the destination node address writ-
ten in one of the branch and trunk frames, referring
to said first address table means and selectively
referring to said second address table means to
search for the first and second object address infor-
mation concerning the source and destination node
addresses;

first transmitting means for generating and transmit-
ting a trunk frame onto said trunk network in ac-
cordance with the first and second object address
information and the branch frame, the trunk frame
including the first branch address written in the
first object address information as the source
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~ branch address, the second branch address written
in the second object address information as the
destination branch address, and the trunk frame;
and
second transmitting means for extracting the branch
frame from the trunk frame and transmitting the
extracted branch frame onto said second branch
network.

19. A system according to claim 18, further compris-
ing means for formatting address information including
the first node address, the first branch address, and first
frequency data if it is determined that the first object
address information is not registered in said first and
second address tables, the frequency data being time
data, and the first frequency data being O, formatting
address information including the second node address,
the second branch address, and second frequency data if
it is determined that the second object address informa-
tion is not registered in said first and second address
table means, the frequency data being time data, and the
second frequency data being 0, checking whether an

- empty area is present in said first address table means,

registering the formatted address information in said
first address table means if it 1s determined that an
empty area is present, registering the formatted address
information in said second address table means if it is
determined that no empty area is present in said first
address table means, and when the first and second
object address information are searched, resetting the
frequency data of the first and second object address
information, the frequency data being time data repre-
senting an elapsed time from a timing at which the
object address information is registered or previously
referenced.

20. A system according to claim 18, further compris-
ing means for reading out each address information
stored in said first and second address table means at a
substantially predetermined period, updating time data
of the address information, and selectively storing the
address information in one of said first and second ad-
dress table mean in accordance with the updated time

data.
* * * b %
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